A series of Silicon crystal undulator samples were produced based on the approach presented in PRL 90 (2003) 034801, with the periods of undulation from 0.1 mm to 1 mm, and the number of periods on the order of 10. The samples were characterized by X-rays, revealing the sine-like shape of the crystal lattice in the bulk. Next step in the characterization has been the channeling tests done with 70 GeV protons, where good channeling properties of the undulated Silicon lattice have been observed. The photon radiation tests of crystal undulators with high energy positrons are in progress on several locations: IHEP Protvino, LNF Frascati, and CERN SPS. The progress in the experimental activities and the predictions from detailed simulations are reported.
INTRODUCTION
Many areas of modern science and engineering require intense sources of high-energy X-ray and gamma beams. Efficient sources of such radiation are electron or positron beams traversing an undulated magnetic field in accelerators. However, the usual electromagnetic undulators have a @ Corresponding author, biryukov@mx.ihep.su relatively large period of magnetic structure, which limits the energy of generated radiation. The energy of a photon emitted in an undulator is in proportion to the square of the particle Lorentz factor and in inverse proportion to the undulator period L: 2 2 c/L. Typically, at the modern accelerators the period of undulator in the synchrotron light sources is a few centimeters [1] . With a strong worldwide attention to novel sources of radiation, there has been broad interest [2-11] to compact undulators based on channeling in crystals, where a strong periodic electric field exists by nature. The crystalline undulators with periodically deformed crystallographic planes offer electromagnetic fields in the order of 1000 Tesla and could provide a period L in sub-millimeter range. This way, a hundred-fold gain in the energy of emitted photons would be reached, as compared to a usual undulator.
The use of bent crystals for channeling extraction of beams from accelerators has been under development at several laboratories [12] [13] [14] [15] [16] [17] . A collaboration of researchers working at the 70-GeV accelerator of IHEP has achieved a substantial progress in the efficiency of crystal-assisted beam deflection: extraction efficiency larger than 85% is obtained at intensity as high as 10 12 protons [17] . Since 1999, the use of bent crystals to extract beams for the high energy physics program became regular in all accelerator runs of U-70. About one half of all extracted beams with intensities up to 10 12 at IHEP are now obtained with channeling crystals. The efficient practical use of crystal channeling elements for steering of particle beams at modern accelerators has been another major motivation for research towards a crystal channeling undulator.
THE REALIZED TECHNIQUE OF CU
The first idea on how to make an undulated crystal lattice was ultrasound, suggested in 1979 by Kaplin et al. [4] . Later on, in 1984, Ikezi et al. [6] proposed a Si 1-x Ge x /Si graded composition lattice with periodical modulation of Ge content x. More recently, Avakian et al. [11] suggested to apply a periodic surface strain on crystal wafer. These ideas have been theoretically developed [4-11] but they are still pending realization. Recently [2, 3] , we demonstrated experimentally by means of X-rays that microscratches on the crystal surface make sufficient stresses for creation of a crystalline undulator (CU) by making a series of scratches with a period of sub-millimeter range. This method is based on an interesting observation in our earlier 70-GeV proton channeling experiments ref.
[12], p.120, where it was found that accidental micro-scratches on a crystal surface cause a
